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[0003] A common process employed during the manufacturing
of integrated circuits involves fabrication of metal
conductive lines and contacts. The contacts interconnect
adjacent conductive lines separated by an insulative
layer. Conductive lines and contacts are often
fabricated by forming a stepped structure in a substrate,
referred to as a via and a trench. A common means by
which to form the via-trench stepped structure is known
as the damascene process.
[0004] Damascene involves forming grooves in an
insulating layer and filling the same with a conductive
material, such as aluminum, copper and the like. - In this

manner, conductive lines are formed in the groove. To



2 formthe contacts, as well as the conductive |ines,
a dual danmascene process is typically enployed to
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complete, both the vias and the grooves are filled with a
conductive material metal. Simultaneously filling both
the grooves and the vias with conductive material is an
improvement over the single damascene process. However,
the dual damascene process is attendant with
disadvantages such as requiring alignment between two
different masks. In addition, to increase process time
and cost required by two mask steps, alignment becomes
critical to properly position the groove with respect to
the via.

[0006] There is a need, therefore, to provide improved
processes for forming stepped structures in furtherance

of the fabrication of integrated circuits.



3 SUMVARY OF THE | NVENTI ON [ 0007] The present
i nvention provides a nethod for formng a stepped
W@ RoMooIFIE on a substrate and features transfeeT/UR4/012313
into the substrate, an inversesshape of a
multi-tiered structure. In one enbodinment, the multi-
tiered structure i nEPYMERY aOE)iTHEB\IeWENMONusi on havi ng
a tien I h ectl on
apeg58 ff gge %%Igt eulng%o lggrg are space t&ﬁgir °from
t hefapeing sajra"m@eaindttrhetlsrmscm &t eubdefrehengnd hsatures

shage exerrpl r% % r resent | nvent ion i
ans ?rrlng, t stra anh - inver Sh%ﬁﬁj
t he ornatl on a Sse I gne rench-vi a stru r

To mhhtlelrmbretdwestrducrtmnm oan ofnet hmb‘mdampntt i oitne arnﬂtl—
establis as .a unc n_ of nsi ons pf

pr o?ec |ondcr'H10tur§ %ﬁé?gns ofbjt ﬁLever eﬁfﬁ B’éﬂ?lbﬁqaé’rlélg a
estpbbjsdateobraarai shonttens. OfTHd]QDmbIJﬁEIﬂﬁbﬁn]Sa@faﬁ hpex
shoul d odi msnt mul t

str u‘éfP & sa adﬁl%l%s?l Sn8‘1?$b r?ptaﬁg SGB'%F{" a%%om %ﬁ’@s@pex

andsot bete emhibdinrestibsarete ,dMJJI‘ﬁel@ haeesnapBRI En
DESCRIPTLON O T

E W NGS [0008] Fig. 1.i .
e U 1A VI iGF BOF| P oyl ap it e formation
accefd‘an@@lﬂfﬁiatﬂigtnbel Dl‘:eﬁem-tvi&\éﬁ:;ﬂdcﬁiﬁre[OO@Q]tIE::lig.enZl, the
| | e evati on view o a ra | C
Ly SR s, G ey Ohg Padt Srer sokrbl bR iS o

pat f@rﬁ@ie_’don g ivhlel agmlaﬂye@m Mo fA GRS @aegect\i&ﬂﬂ t e
present invention; [0010] Fig. 3 is a sinplified
rep s o thﬁaFﬁ?P p‘i‘rrtdrﬂf\/\ﬁuréheat tidisteas
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Fi gdescriked ha¥sfisrmed after being subj ected to
radiation in accordance with the present invention;

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Fig. 1 is a perspective view of a lithographic
system in accordance with the present invention;
[0009] Fig. 2 is a simplified elevation view of a
lithographic system, shown in Fig. 1, employed to create
a patterned imprinting layer in accordance with the
present invention;
[0010] Fig. 3 is a simplified representation of material
from which a patterned imprinting layer, shown in Fig. 2,
is comprised before being polymerized and cross-linked in
accordance with the present invention;
[0011] Fig. 4 is a simplified representation of cross-
linked polymer material into which the material, shown in
Fig. 3, is transformed after being subjected to radiation

in accordance with the present invention;
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sinplified cross-sectional view of an inprint device
wapagegrsapart fromthe patterned inprinting | BYBUS2004/012313

shown in Fig. 1, after patterniyng in accordance wth

the present invention; [0013] éig. 6 is asinmplified
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multi-layered structure, shown in Flg 8, afterx

subjecting the crown surface to an anisotropic etch to
form trench portions aligned with the wvia portions in
accordance with one embodiment of the present invention;
[0017] Fig. 10 is a simplified cross-sectional view of
the multi-layered structure, shown in Fig. 9, after
deposition of conductive material in the via portion and
trench portion in accordance with one embodiment of the
present invention;

[0018] Fig. 11 is a simplified cross-sectional view after
a blanket etch of the multi-layered structure, shown in
Fig. 6, to form a crown surface in accordance with a

first alternate embodiment of the present invention;



WD 2004/ 097518 PCT/ US2004/ 012313 5 [0019] Fig. 12 is
a sinplified cross-sectional view of the

worioiosisas/er ed structure, shown in Fig. 11, afP@r/us2004/012313
subj ecting the crown surface tg an anisotropic etch to
forma first segnent of a via portion in a substrate;
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a sixth alternate enbodi nent of the present
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embodiment of the present invention;

[0024] Fig. 17 is a cross-sectional view of the
protrusions shown in Fig. 5, in accordance with a fourth
alternate embodiment of the present invention;

[0025] Fig. 18 is a top down view of protrusions, shown
in Fig. 17, in accordance with a fifth alternate
embodiment of the present invention;

[0026] Fig. 19 is a top down view of protrusions, shown
in Fig. 17, in accordance with a sixth alternate
embodiment of the present invention;

[0027] Fig. 20 is a view of a substrate having formed
therein a recess that is an inverse shape of the

protrusion shown in Fig. 17;



6 [0028] Fig. 21 is a cross-sectional view of a
substrate having islands forned thereon, in

wacecaangsnce wWith a seventh alternate enbodi mePCT/OR2004¢12313
present invention;, [0029] Figeg 22 is a sinplified
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DETAILED DESCRIPTION OF THE INVENTION
[0033] Fig. 1 depicts a lithographic system 10 in
accordance with one eﬁbodiment of the present invention
that includes a pair of spaced-apart bridge supports 12
having a bridge 14 and a stage support 16 extending
therebetween. Bridge 14 and stage support 16 are spaced-
apart. Coupled to bridge 14 is an imprint head 18, which
extends from bridge 14 toward stage support 16. Disposed
upon stage support 16 to face imprint head 18 is a motion
stage 20. Motion stage 20 is configured to move with
respect to stage support 16 along X- and Y-axes. A
radiation source 22 is coupled to system 10 to impinge

actinic radiation upon motion stage 20. As shown,



radi ati on source 22 is coupled to bridge 14 and

i ncl udes a power generator 23 connected to radiation
waounoe7522. [0034] Referring to both Figs. 1 memuf2004/012313

connected to inprint head 18 ks a substrate 26 having

a patterned nold 27 thereon. Patterned nold 27

i ncikadéstion wdurse 22aishavipied tp:atl:treldlgef dAnedd includes

the%e weg- eﬁ5¥45g91235 QSB%Q€ 3/f%de %Eglltgurce 22.
§°an 9

space apart recesses 2 uberances 2
RecéQQéé] detﬁavelagst@pi:pmtdi §iiape w ¢hd 2 graooeeted to

r LQns._29b._ The

ot Res bt Wpgee o FHERREEEYE h3n8 8 pd e rpeq mota
WI deh thWteqf. grisdrerpedt mohd 204 Jarq:dua\AB awserfad? 1%
a o] t ortlons ot uber anc
5o Heihils ol et B RR e Rt SRS oot o E, g e
arebynea§lmmﬁﬂﬂhy @fdbpec&dfmpaﬂuureaeseadszBramsverseIy

h XIS e o S

tra ?E??% nt o E@ ﬁ%s? nga 68'|?|8%38p%% AR th
st agegﬁ@ovésmm@Me 234 fly@k@alﬂyy steppetspsrofoms ViEpar
31la {;radeonflrorgda S t%abl‘g terl a such %Sl silicon.
Subs Ty A86  Rumpriis&36F TRFeTS Fh Yadi fgn of a
onewbdtMDwEﬁlayegsocﬁe pﬁﬂumbnab9dlsn@35mzthﬁéeenwzh& a
t he sent exa e strate 31 shown
incwg%$% énﬁﬂé ple ngg? €}19¥ﬁd2§%e oFrﬁﬁékiﬁﬁWQQ? 29
mat Eavala el , a8 wer gamsit icFatkedt Bt ASH,, (@G)nd WWia@E
has a coq¥93|t| .of Si WCXOyHZ.  Adj acent
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fl owabl e region, such as a patterned i n{)rl nting | ayer
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substrate 31 is shown as including multiple layers 3lc
and 3le of dielectric material, such as organosilicate
glass (0SG), which has a composition of SiyCxOyHj.
Adjacent layers 31lc and 3le of 0OSG may be separated by an
etch barrier 31d made from any suitable material, such as
titanium nitride (TiN). An additional etch barrier layer
31lb may be positioned between dielectric layer 31lc and
wafer 3la.

[0035] Referring to both Figs. 2 and 3, a flowable
region, such as a patterned imprinting layer 34, is
disposed on a portion of surface 32 that presents a
substantially smooth profile. Flowable region may be

formed using any known technique, such as a hot embossing



8 process disclosed in United States patent nunber
5,772,905, which is incorporated by reference inits

W@ paok/0etsys herein, or a |aser assisted direct iPQI/URL0HQ2313
(LADI ) process of the type des?ribed by Chou et al. in
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ree radi nerator so under the tradenane

Dar SEH(H, & CaeR; FRBTE T GIATAPERY Bf TE5 TSR e RER-

Yorkat4:0036]3cRefier Ehogn tth Figs. 42as3paiflgSerdde-1linked at
pattern recorded iin patterned inprinting |layer, 34 is

pr oREE 3G/ pRFPLING Y CRIITAHNESE BPBhYERE Iwri%ehrlal 36c.
patierdiesgRlg 2hbodomedhals eRderh BRI 864 NeathbARd from a
shown in Fig. 1, is adapted to nove along the Z-axis

andC PP I 05 epgrfaﬁeeat%l'y HStweEn e ekt et hedl GHsl@heryl

andy At @ 3bnoh8r LN S MIREEromPab T 85 HEh I G mddny,
spreads beads 36 so as to form patterned i nprinting

| ay®ilesn WiltthngieonePRE®tidnaftelyntifgnby weight ethylene

glycol diacrylate, a cross-linking agent available from
Sigma-Aldrich Corporation of St. Louis, Missouri; and
approximately 4% by weight of a free radical generator
sold under the tradename Darocur® and available from Ciba
of Tarrytown, New York.

[0036] Referring £o Figs. 2, 3 and 5, the pattern
recorded in patterned imprinting layer 34 is produced, in
part, by mechanical contact with patterned mold 27. To
that end, imprint head 18, shown in Fig. 1, 1s adapted to
move along the Z-axis and to vary a distance “d” between
patterned mold 27 and substrate 31. In this manner,
patterned mold 27 spreads beads 36 so as to form

patterned imprinting layer 34 with a contiguous formation
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over surface 32. Alternatively, or in conjunction
wowdaoh/0pTses | Nt head 18, notion stage 20 nay NORET/US2004/012313

substrate 26 along the Z-axis o all ow nechani cal

contact between beads 36 and patterned nold 27. In one

enboﬂimmz;iaili s&@nwe'tdéui:Saq:eedm;edAtlmeahlabwsrely, or in

sub- rned ingr i L ayer 4 tQ
i ngr glgi& loonan E%H,@r ecessle@g ﬁ RIS 2 Y
f acmbve a$133sﬁx’meteor2|69 ehahg et tZ2raxien tpahttéoneldea:mdrdc&l

tobe rlnted|n Ierelo of . substrate
31. Cf’r@ %% bIeot “ac] efaafe’eg%élﬂdbr?gato %rnggers“ 18 g@ afn one
Watemb@dlﬁﬁht,Idisﬁﬁ@EEdéd”miifrdduaeﬁeQUIallew sub-portions

propertiges 1.9 G0 | et el recesses 28, whi

covggl ngP 1_Tace l\/ﬂ% %onatxeé:ug’as%Po?’ﬁ%f?%% gito and

mat eoi ﬂilBGﬁecdsrssetsh%pr es@iﬁ faeﬁiidatlamieet thsubr pgpirtdlons
atter ne ri

SUpRPTHEEL T O SHoCRCBr Bt o ok STPBRFRY Mt

t hef dewdlsled rdﬂ_:s.lsbaﬂ ¥ sunstxmmedixdt.ance "d," has been

rea i.n rojection 34a with a thickness t1

SholPiery SRneart b b itundBa ts Sherulh dovt Moneraat 36a

Wi t bs apf&nm@wsaths ther e¢@eidine Iapardishoud desrpldrély

def | nf a bi-|evel OE IIL_JSI on on surface 32 3?f ,

sub&t Jat%ec%sfess&@ B OnCRAT Y PEFERFRASE 0" HS &

r est&u@igdcayserforn@lﬂﬁiohhbﬁ kitessrilad i3%ar ef ehr ek (rden

resi dual , t hickness. Thicknesses "tl" t2" and "t3"

maySHe° %@Prt% SKREBT L HeRT rtf Oéeﬁéﬁﬁéﬁ’t‘eﬁpb‘@‘f%mg

appligat ion.id QR38kiReber¥idg th:hFE9§tu8er§n@éEj A remain
after a desired distance "d" has been reached

r adi 5§ orEhsoslesd red, b%‘i‘ﬂcﬂc\éémé’éf“iuﬁ‘l diphanasi o 't s been

POl YOBIHZES l@&@rﬁ@ogsprbj aks Jak gk 363, +f DER NG ty,
cross-1 i nked pol ynmer materi al 36c. As a result, the

conplRikdoie §f4bpa’tlitér ﬁeﬁhlql‘?ﬂfﬁsmtrz nd a’ilé?‘P:?AftlonS 34c

tr apsfiordre i qmeRBt el | a'Px%%@cE@on i erddl 301 awhikCchap
is a solid. Specificall material 36c¢c is solidified

to ﬁql)ep%anj@ diddezad Bfo $igned surface 32 of substrate

31. Sub-portion 34c is referred to as a residual layer,
and thickness t3 is referred to as a residual thickness.
Thicknesses “ti1”, “t2” and “t3” may be any thickness
desired, dependent upon the application.

[0038] Referring to Figs. 2, 3 and 4, after a desired
distance “d” has been reached, radiation source 22
produces actinic radiation that polymerizes and cross-
links material 36a, forming cross-linked polymer material
36c. As a result, the composition of patterned
imprinting layer 34 transforms from material 36a to
material 36c, which is a solid. Specifically, material
36c is solidified to provide side 34d of patterned

imprinting layer 34 with a shape conforming to a shape of



imprinting layer 34 wth a shape conformng to a shape
of WD 2004/ 097518 PCT/ US2004/ 012313 10 a surface 27a
w@boopadtses ned nold 27, shown nore clearly in PETQUSHN4/012313
In this manner, a plurality of;,solidified bi- Ievel
protrusions 34e is fornmed on substrate 31. After
pat eesnedecaptigtdgaltapenedmold t27anshownedote clearly in
con of ¢ rlal sho in.Ei [
caitds, S Shon s ey, °F P R0 o puaRartod bis
dlsﬂameb Bt s itdmat 34pausef¢mmbdndndsﬁbsamdtpaslerrnﬂter
n a er .34 .are .a 0039 .
|nvé%géés ape 5F:n%lpgveﬁypro ru§$%ﬁ?n§ 8rm§é @Q consist
t ran$featedidInt3csulsbbwat én 3ilid .0 4,oimpaivitahpadti®Hn shown
(no sho and a tre ortion (.not_ shown) thereln
%ﬁls ﬁg%he n*VEddEneﬁs?%ﬁ%§%ﬂd£S%gn€|a ort? o
(nopastmmwedzmaid et abbi shedeased itprdhicongofayde 34 are
dlnen5|q95 of . projections 34a, and the di nensions of
t he PP encH poﬁilon (not shown) are established as a
fun¢oomm]oﬁnth3ved$aeﬂﬁnmnsfoﬁlsh@wéﬂqgﬁbﬁkﬁkloﬁe Bhatis
end tch . sel ecti y. shown in Fig., 6,
o i SRR e ar et r b abT L el 80 TRy Pt RGP PRy daot
af t ehowrs)olard:l fd edebichl pyetiqi ofddts Is&6$n$4Eh8ﬁélﬁq beem this
f or ned. strate 31, erned .i inting | ayer 34
o dPEEEHE S CrEr ey OBy et T ddft RETRLRD (7S sy are
str a@twhs’}&d a[sOQ4@11nREf_@ﬂi ré NG HeO dftngnsbonet &h
selectjivity | aye be appl.ied usin known

40 .
proEE%%?CF%ﬂﬂﬁuﬁ4%g @Hgﬁgﬁ%Jleﬁﬂi&P“&eBSng?ohr?Q§h»P°rtl°n

phyghe@l snap0r sdepesibb0isKdVR)s a FRHEEEHH NGF ik
Spi n-on technggyes Spi n-on deposition of etch

sel eERERA ¥R Fhﬁﬁlﬁﬁ§sb¥“ben§P|6P8F fen 2B &oidi ng

patEéié@tﬂﬁ@ﬂynga@%geﬁ@Ussﬂéﬁﬁlﬂhﬁ%leef6uni£ dfd¥Ssed
e.,. a dense featured pattern. In_the present

exaﬁ%] geendt de PErESLPoft FrEyeringo lpgcgepbst ey

enpL Oy didk i TR LAk vE Lt BRGEARN RN 82ESEESe SUGD ASimed.
those discussed above with respect to depositing

pat ¥ Fieth iearprdir nepigerned imprinting layer 34 and etch
selectivity layer 40 define a multi-layered structure 38.

[0040] Referring to Fig. 6, etch selectivify layer 40 may
be applied using any known process, including chemical
vapor deposition (CVD), physical vapor deposition (PVD),
sputtering and spin-on techniques. Spin-on deposition of
etch selectivity layer 40 may be beneficial when
recording patterns having numerous features per unit
area, i.e., a dense featured pattern. In the present
example, etch selectivity layer 40 is deposited employing
imprint lithography processes, such as those discussed
above with respect to depositing patterned imprinting
layer 34. To that end, etch selectivity layer 40 may be

formed from a polymerizable material similar to that



| ayer 34. To that end, etch selectivity |ayer 40 may
be fornmed froma polynerizable material simlar to
w0 baiw/ovV12004/ 097518 PCT/ US2004/ 012313 11 desee1/bsmo4/012313
above with respect to Figs. 3 gnd 4, excepting that
the material fromwhich etch selectivity layer 40 is
f or geslct Heddiddovei Wilcbnrespect tios Fagsi.| Bcand contexiaspigng

pol ygerizable jmteri a pm% A Yol gpgyfg&ffg eL:f:ISqu is

as etch selectivity layer 4 orms
48% pymedeirghtudefs aisityh, avcreyl,atl@ stolsdlun@hefcqm@dmmg
cod ablg fral S

o b A ST Ot o BT e ol for use as
WEI ghth oielaecBuWyLrty Aayytai@ errﬁ@rrmledaaaptabiraaifem48° by
Sig rd r t uis, Mssouri;
oo SIS S99, Bkl ool L T £

sol @IZlﬁncde pavadllableodeoﬂ&]]dmz Intr oot Gadbestsvilie,
of g/brrl | 1.e, Pennsxl vanlla ma eI Y. 4C% by

wei g At of Vanflr de°FRAPZA ge era or sof%mﬁn a Ry
tr aﬁemhaﬁ:el)ammme@:r )avamﬂa}al/ealﬂraini (Slf}jmaHABib:ach aforporation
Tarryt Etch sel ectivity |
TcPhate e Al selbhh SRttt Epd rean of =
40b51i3abeﬁn@£twaen:yedte npe 1dtunag d @yeﬂuaﬂ acmle hesB @402,
profile | enentary to the .pr.ofile of the terned
P FFOI G Tty a0t THE o %1 BEnPakbesndity, b
pat &g et mauanki Bi ng waygt I faorresgraat daml lg?eeﬁeix@mor
surf 40 Nor mal i.zati on surfage 40a is pr

a]a‘f ”s’li%ﬁ &N SFPYCRIPTE I LS pr Ut |aevad;;a§’3r§unfifﬂ1§ Ciba
tha&ft'i‘lﬁ:rﬁ:loﬁi&ﬁn&@ﬁi betneemwh apexcsuviage SAdr ofo
each of _projections 34a and normalization surface 40a

ar e "SHEESAATTAC §EhESSHHe FRPSCRaP1ERR: di Stafceide 40b

bet needs gasiterakas hayh def shP4hk ard3nosAdl hZatd Profile
surface 40a is substantially the same and the

di SEAFRIETSREEN LA Ragli Profsiir afe thagraftemmes gmprinting

subr pRIt NS e, sshovA idifced, awaPds AR NBY tZahlkan
surface 40a is the same. [0041] One nmanner in which to

pro%¢Rﬁ9Qﬁﬂﬂﬁaﬂﬁ18F|%ﬁ forming normalization surface 40a.
Normalization surface 40a is provided with a

substantially normalized profile by ensuring that the
distances between an apex surface 34f of each of
projections 34a and normalization surface 40a are
substantially the same and that the distance between each
of shoulders 34b and normalization surface 40a is
substantially the same and the distance between a nadir
surface 34g of each of sub-portions 34c, shown in Fig. 5,
and normalization surface 40a is the same.

[0041] One manner in which to provide normalization
surface 40a with a normalized profile involves use of a
mold 127 having a smooth surface, i.e., featureless

surface 127a, coming into contact with etch selectivity



surface 40a wth a normalized profile involves use of

a nold 127 having a snooth surface, i.e., featureless
waewofiagsid27a, conming into contact with etch PCT/US2004/012313

selectivity WO 2004/ 097518 PCRhUS2004/ 012313 12 | ayer

40. As nentioned above, this may be acconplished by

movidye¥ mdti nAshegatisned hwve n thilg: may bé¢ omecand izhed

axi i : Is e 20 g:the.7Z-axis _

Dot by "HLRE AR B8 BA9TLE0, AR0 R IE P Sy, ehe

sel @¥ijvingrindaperidd apagadil mileongadhat Fomxinpiqgdsth.
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Fi gbaver oAfd end acbliahketadiatidns imprpbeyedetm aEripVe
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An exkinpl far ythet shmprocess enpl oys a CF4  plasma etch

whe r ' ort.ign of etc .
con ?%%s}oogg%é—%ﬁ% tg)ng'ﬁg?érg %%@?’chae%l%ﬁ%%%i %tCh S
di semuslsekd by Yehnsenpettiains iof ADVANSES:¢IN EREP 1ANBr 40

FLASH | VPRI T PHY, .in whi aper

di st7ibu Veléi\egtm ulf'L tl%é— %re%sctrréjlcl%tu ﬁ%g?gpﬁig?:o%fcé:roévﬁlce

hel suifacsar®ta .Cl anaexefiald fioratich bronefsebsm@lroys a Cry
23- Febr uar 8.,2003. Cro . surface 38a i efined b

an j)"iapscl)ns‘_"e acéleyhgﬁ?f%c%re:fg]ml&antegtgﬁtﬁ?np?%jt 3 ie&‘fg‘ ghses
3dacardd sipperf sy f ades ecfempiiy oascH Othdnhiatt riyeiai ai®tussed

etch sel.ectivi ayer r th I et_efc
Cooms T ehyat o’ B VAR, 1" Sppl AV il Tyggrar

i fw Lj_imctq'mf &l Eﬁ anmzm%esqia_r@pi aiﬁtghbuﬁellsw fi S:Ihte SPIE
chem.str.y. the ani s roprc.etcn,1 s _sel ecte 0
o ORI A6 COM DS R I3HE SARET e Ay nent s

of eatiRMMad IFFphi NEbAGry @EFeB4uashond, i7005.9. cBowhn
superinposition therewith, while mnimzing etchi n%

of THIFST 5°8nd S4BT the afprEBRAEd xR Birface 3UE of
adveddrags Wasjkakesnofzdhed shbaet seArad@ds td¥e pirki6as

o S g e G PR RL L TR D e 40 after the
blanket etch.
[0043] Referring to Figs. 7 and 8, crown surface 38a is
‘'subjected to an anisotropic etch. The etch chemistry of
the anisotropic etch is selected to maximize etching of
projections 34a and the segments of patterned imprinting
layer 34, shown in Fig. 6, in superimposition therewith,
while minimizing etching of the portions 40c. In the
present example, advantage was taken of the distinction
of the silicon content between the patterned imprinting
layer 34 and the etch selectivity layer 40.
Specifically, employing a plasma etch in which oxygen is
the predominant gas, it was determined that an in-situ

hardened mask 42 would be created in the regions of



| ayer 34 and the etch selectivity |ayer 40.
Specifically, enploying a plasma etch in which oxygen
WO 3004019 r edom nant gas, it was determ ned t hBCT/ER82004/012313
in-situ hardened mask 42 would be created in the
regi ons of WD 2004/097518 PCT/US2004/012313 13
por poonsordd cd Qur grioramete ot ¢ rowavrs wuftdeee388a - ArAn

exenpl ary etc hemi i s, di sc by. J e
o A e e FRER R ks R R SRy R & an.
Ll THOGRARNGES rNa ST&RI AED palpett diMPRINGULETHOERARE ,SRNEa
M crolithoaraphy .conference held.J ant a a
Ca TPLFh e RS PHLPCENGE (I Lorh HERLSY Syl franny
r esubth e farom thed di nhefacta olllamwd, taéifornia from February
si | jcon-cont ai nj.ng y i zahl e terial wth the .
oxy gn-?ﬁﬁﬁﬁf%a%&én558§sn§£¢%%Ll%Suo StﬁéoﬂaF Briet %ﬁ%ﬁ%lon
42 ofanthé hel lanicsstcpapathniyg afoltyrerézeblproeessial with the
regions 44 on . sybstrate 31 in superi sition with
pr o?%%??%ﬁ%asffap;\{ragmaexp%%e%.rﬁs LﬁT &%p g%&ﬁ?r@%‘f gsk 42
r egandst el ariscaxposedtyasfashaofetehchrbaess preddinns 44 on
sho in Fig...2.. The width U _of re hons 44 |

TRt 3

4 1s

opt P1a? A o SWPAE AR EHBWY LR PEPYSCY Ot oofA e
fRlef éﬁpésﬁ&%l 0 1'51 glheSprafsélet eXpasiu, e refjibagi 0hsarkd expdsed

uori ne-base asma etch, suych as a_type. e oyi n
RS R SEUCeRa 55 SHhnatIPEr 41 Fh ADVANGLS figh 0
STERr ANy 1 dTleASH 1iVPBLMNImA] THHEGRARHY o vfidah Vi, t @ he@Rekn
distributed at the SPIE Mcrolithography conference
hel B19n Santa Cara, California from February

23- FOBAAPT Ke28rr 20030 IS g.eBP! QY L8 t &g RUDNE oFe@EODSns 44,
of nulti-layered structure 38 in superinposition wth
har 8ehetP s LaBeds ROAATE re H5hy. SBCht 6SeR pb¥Re rE GYeng CFy

45«’3\?@&% Aoy QW b N TEh8s 019, t€3aN  10f APhhsEEdasy &TEP AND
widih U, which is optinmally equal to W Regions 45a
e

andFuEH JUfERITa IgFE8GRAPGY 1 iioh uehake RAPehrotdyted
48 extandiqigH MABHeYLRES A8, NG FA2BNEE hEEPI AN Hdita

defining a via portion. The dgroove portion 46 defines
a tfemeh pwliiferniandromr iy 4#8-ebrwesy 284 £003, is

employed to remove regions of multi-layered structure 38
in superimposition with hardened mask 42, shown in Fig.
7, to expose regions 45a and 45b, shown in Fig. 9, each
of which has a width U’, which is optimally equal to Wa.
Regions 45a and 45b define a groove portion 46 and a
throughway 48 extending from regions 45a and 45b to
region 44 defining a via portion. The groove portion 46
defines a trench portion, and throughway 48 defines a via
portion. A subsequent etch process is employed to remove
remaining portions of layers 34 and 40. Thereafter, the
via portion and the trench portion may be concurrently
filled with a conductive material, such as aluminum,

copper, tungsten, titanium, ti-tungsten or a combination



portion. A subsequent etch process is enployed to

renove remaining portions of |ayers 34 and 40.
wabeneefsier, the via portion and the trench ppRCT/USI004/012313

may be concurrently filled with a conductive

materi al, such as alum num copper, tungsten,

titanetwd s tand lﬂBx@St]_&ReQrt@ £ombianabhen Vb 204d 097518

PCT/ US2004/ 012313 é er eof d thg like, to forma

confRFIEBH End B Conduetive T i ﬁ@'sé "shown in Fig.

10. [664BIP] rRBeEEFIMAOED TikisgS2, 27 dndng), &hel hdvantages of

advantages of this are manifold. F |
hetiet drare s erdh FATL BE wodip parerBhe: 4BeE ARiarive

expesesl anex b%ltmfe@aepoaeiomyzldze and axpapge Abpeabaittface
1.5;1 to about 100:1 due _to the reience of the
f-a

har d&hdephes 02 xenger e tout deif LafPgpan i B :dndue

trepghese e e dobiredht methsidat@sk312WhiAe a result,
preci sely controlling the di nensions thereof.

oS4 Y eI RS FBRt FERRCIGE FRE Bt £8FRed it r?éistrate

| Vel sgh Shape-efi skiryl @Mﬁ’cr@lmrfgu&h@nalﬁéﬁsléﬂn:evwhdﬂaaof
Fig. 5, into substrate 31. [0046] Referrlng to

5 aRdle, rediAas dFanpyert RS tAdHRs oéf thf n%"f‘w%‘?%‘ﬁ'alon the

W di hse M and dde Recoresetel aliotahiohBdependandwofin Fig.
resi dual thickness t3. The rate at which the

pol ymekrzawsargitd Pkl s the pattern on patterned
ol f'oe?Zej SRERYEL S ytcpr@%grt 50RAk 80 4 GWhe10k, the

residual thickness t3 a result, residua
thl@Rﬁﬁ%@#thIﬁ%@e@§l°§éﬂe@%@ﬁp%(p ﬁ@ﬁlH]ZEGF%W%ﬂgﬁﬁkﬁtlvely

Wi t hoyt  sthstiantd alky qubNCFRASING st £aNSTRfe rate at which
dlstortlons Finally, formng patterned inprinting

| aythe 3o ¥y izabliss tAniflafilds dibe peRtfreeon patterned
polgwﬁa'ﬁq dif%'r@eﬁgg *%lfdn%qn RY+n LT @?Soﬁfresidual

pat t er ned consi dering t
pat teiclete sl . 2728 sa of¢en tformeddppbrificdatess [tacmay be

[ 0047%ecRcefo?r1{% Qt%ﬁcg%lgeg%hrgw%&gitl%J’ltﬁgu@dﬁuf)é@ iall

advan age w resent troni1st e nee

to 1ﬂ6£ﬁ&ﬂxﬂg'hammwéerldystsrB&uuandFSmblhny Perming

abrog€%§¥£e5¥imprlntlng layer 34 from a substantially
silicon-free polymerizable fluid eases the cleaning
process of patterned mold 27, especially considering that
patterned mold 27 is often formed from fused silica.
[0047] Referring to Figs. 2 and 11, an additional
advantage with the present invention is that the need to
use etch barrier layers 31d and 31lb may be abrogated. As
is well known, by avoiding the use of etch barrier layers
31d and 31b, the overall dielectric constant of substrate
31 may be reduced, thereby making this process suitable
for fabricating vias and trenches in furtherance of the

fabrication of high speed integrated circuits. To that

end, etch conditions are established so that the material



is well known, by avoiding the use of etch barrier
| ayers 31d and 31b, the overall dielectric constant
w@boogiohstis ate 31 may be reduced, thereby nmaki PQr/UB2084/012313
process suitable for fabricatj:ng vias and trenches in
furtherance of the fabrication of high speed
i nt egfxatmhcm’ reidnt seldottihaty lendr,etabwaondi fégmmsanao@
est abl. i hed so that the er|al 004/ Q975
PCTR USRI ITAES L 21621 On v 1 SeER SEPRCE T VR
| ayeﬁbss&mymalgl@ nﬁ@g@nsolﬁlﬁ)@ etc&nd:hd:meEEEyrezﬁplcayéﬁ to
131c are esta ed to ant|aII Lhert to the
et cﬁeIE%‘é?nr%‘ittrefl@ﬁ-plf&;?@dwgbCh Sk i PP AEAE s et 34
patterﬂ@ﬁnemp:rlm he ba§!8én‘84e§;anﬁolfeo\rm Iﬂﬁdhméﬂei:hzﬂ from
sent. exanpl e e mater|j ram ic i ons
DGV Bl G IR Af0F TBYcOLELe T e dPe | 8Ear S iR G tned
inerLts Ol AL Y0 eheplasfhagt &hygdr0@48kmReéeek i ng to
igs, 11 and_12, crown surfaﬁi 13§a1 formed in
nanﬁg?4%1sgﬁggﬁﬁl%%OEQeQ&QFh spedttio %ﬁQﬂﬂwsu§§FFﬁcé38a'

38arbfmdd Gin & maSinsubjiestedsdd Mrvexygen péased: & Wrown
As a result_of the aforenentioned etch selectivity

di f PBEERCRSSBaape FdGrf dcet 130T §EefeiByRl SFVIRF vﬁlﬁ«?ma

theergRl i res extenl1ef opr eheci fmb3ddonshovhciaSsdllectivity
along with all material superinposed thereby in

i mpPEREPFRPIRReAPER SPEJRPS 18301/ 15t ﬁ?§°ﬁaﬂn%+0n% with the
firshe seonBtent48a QhoybarifOrtiqn issolar s8dn, [ QA48 Aith

subsequent bl anket plasma etch is enployed using a
f1 uatl mRirsed EHeRirdiPysedst i xeiysded iapsiatinhaiaterial

bla@gﬁér ef£h renpves shakdened dmask s142.gRanf eI E via
140c,” shown in Fig. 11, to expose shoulders 134b,

shomﬂrt¥pﬁﬁkf fQEmedConcurrently wi th exposing
Shovbgﬁo ;L%Qb @q&@&@man%%gﬁgmgs&é%af i %me%g,eenusmg

(not orne renoval of nateri al
di eheélen%r;l@rsemr@emshbmf @ s Ccl19689] alwév%r r ity

to Eigék 3204 L4029 ﬁQké@r‘ié&Qx{a%k Q %%gab?%gﬁ?ndse 140c,

pl asma e fehis enpl oyed to renove ene
134bhowas Nmﬂﬂlgaslﬁatep|akp@$e|shmuld5mngl34b, shown in Fig.

13. Concurrently with exposing shoulders 134b, a second
segment 148b of via portion (not shown) is formed by
removal of material of dielectric layer 131lc, shown as my.
[0050] Referring to Figs. 13 and 14, an anisotropic
oxygen-based plasma etch is employed to remove hardened
shoulders 134b, as well as material of imprinting
material layer 134 in superimposition therewith, to
expése regions 145a and 145b of dielectric layer 13lc,
thereby forming a trench'portion 146. Concurrently with
exposing regions 145a and 145b, a third segment 148c of
the via portion is formed by removal of material of
dielectric layer 131c, shown as m3. The combined length

of via segments 148a, 148b and 148c defines a via portion



material |ayer 134 in superinposition therewith, to
expose regions 145a and 145b of dielectric |ayer 131c,

wo b@netsig or ming a trench portion 146. Concur r BONL/U§2004/012313
with exposing regions 145a ang 145b, a third segnent
148c of the via portion is fornmed by renoval of
mat @48 athaf 1sdiaGJ:L@mtedi eithyererldl porshoewnlas. nBIn T s

conbi ned | engt of .via.se 148a, 148b and .148c
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Referring tao Fig. addltlonally each protrusion
2348URHERFS ngﬁdeSHOBPu%%J?%@ of-shoul ders 234a, 234b,

234goeth 234¢€er S ﬂ?%a.{ir t 1f7 omy@peorsunkaceacg34f at
diftering hei h2,” 'h3 and h4, respectlvely

Al t PRl g §é?sméi’ spetidrerss P33aalibBant stgnldens

23434 21 ezﬁs@ow:ﬁbnaﬁ&abg;a/ afk Rrhes ey - b8 a lé@l_ec@ace
fromO where "n" is an integer nunber. th

end?34f affoldéf(fﬁéﬂnghb@mh%mld hav &soned ot4, S@ectlvely

r ecepefsudiorerRe skPk0o8 st fiace <t hergofrshat oul dpbeosag
conpl enentary to the shape of protrusion 234e

Fura¥rershostioulidersa23y, arpa4mbez3uay apel P_IBZIJdJC}m%/ from 0

flagglgpqﬁl§%rkgee 234f ;23S Wb By . Fi gl £
Alternatlvgiy shoulderleB 23% r234c an éﬁh

naym®bic@n¢ewbpwcalWyuUd§pn§e@n&b9mtmap@xr%Qﬁ#Sﬁaaformed

into a surface thereof that would be complementary to the
shape of protrusion 234e. Further, shoulders 234a, 234D,
234c and 234d may flank apex surface 234f, as shown in
Fig. 18. Alternatively, shoulders 234a, 234b, 234c and
234d may be concentrically disposed about apex surface
234f, as shown in Fig. 19. Employing protrusion 234e, a
substrate 231 may be formed to have a recess
complementary to the shape of protrusion 234e, shown as
250 in Fig. 20. Although substrate 231 is shown as being
from a homogenous material, e.g., silicon, any number of
layers (not shown) of material may be included on
substrate 231 and recess 250 may be formed in one or more

of the aforementioned layers and/or substrate 231.



234f, as shown in Fig. 19. Enploying protrusion 234e,

a substrate 231 may be fornmed to have a recess
wa@eoomplogrsesit ary to the shape of protrusi on 234ePCHOSN4/012313
as 250 in Fig. 20. Although substrate 231 is shown as

being from a honbgenous material, e.g., silicon, any
nunfertiodr, |Eheerisyemet mshown) sicft neft enyahabayidle suitable

| nckyded. on.o sHbslrabe 23l and recess 250 my be
formed Tn one or nor 0 af orenenti oned | ayers

andf0053Lb8trfatei?281to0 WRGR004/ 887518, REK WS2@044042RB4S
17 Further, the Ja S _nmay_consi of _an terial

sui %%Te&‘dfcourssseé%ﬁ“%gﬁdﬁ%? i &ooc:?sogfnﬁéj.loﬁoggﬁecesses on
Ref substuwpite Fi gapldyand Rd41d tdve haetiegoangllesl i heert

di scussed vvigh r%s ?’Ct to fqur;qati on L recesses on
SUbETTET S T WS Lo RGO d BEF VST nG 8 BFDY AtTA5F S5

r ecessesodat nedviehengi be &Epyierserd, thheéosants il S on
menti.oned .ab may be, enpl oyed to formi sl ands 335 o
Mtk T Tt R M TR T A PRI LU e i TR 2
22, inénddademeone AbreDpLoPrfifcnsi Gns 828ele@xibr@dﬂ'dﬂwl a
froma_ surface. 328a havi ng, a proj jon 328b and a
Chot B e = EREcBa. A D ST OP Bt Pa R SFap L der 328c
bet ypere StHfaate f32Baprafeepicaj eoBboRe8R8En At By MBa

inprinting material js disposed on substrate 331 and .
sprad R?Pg]fecﬁ'%oﬁ‘ 35?{?& n%dliﬁfeaﬁ/é’lf 3BRT ARG RiSIdal 1s

aboyespdded irsS siBRBCAte P3G T et Gpreayeto 384 NClgides raed
pattern conplenentary to the pattern on nold 327. In
t hel Preset® ESafpPeuSERe 2RV t L1 hhdRemarpefpRatterned

r eces 34ankeungsf orpeotdim F&%&n};@éﬁ@ﬂtéﬁyeﬁo B34 pattern
[0054] Referring to Figs. 22 and 23, thereafter an

et PP RRUBEA Ny t P BYRrPBERts SrERss edtborrgatlter Aedone

| ayef mA334 AR sBeST 99, SMEfALE 3408 1R FOF B Ahed layer
multi-layered structure 338 formed as di scussed

abo¥&t- In this fashion, the only portions of etch

sel peds i (e FAYRIn B4R iRl phng AfdLr JhRraRELeR Of etch

crown surface 340a fills
selectivity layer 340 is disposed upon patterned layer
334 and a crown surface 340a to form a multi-layered
structure 338 formed as discussed above. In this
fashion, the only portions of etch selectivity layer 340
remaining after formation of crown surface 340a fills
recesses 334a. Crown surface 340a is exposed to an
oxygen etch chemistry that is highly selective in
portions of patterned layer 334 not superimposed by
recesses 334a and 1s removed to expose regions 344 of
substrate 331, shown in Fig. 24. This is achieved, in
part, due to a hardened mask 342 that is formed by the

silicon present in the remaining portions of etch

selectivity layer 340 when exposed to a plasma etch using



recesses 334a. Crown surface 340a is exposed to an

oxygen etch chem stry that is highly selective in
weorkioprsss of patterned |ayer 334 not superi npoOBETIUR3004/012313

recesses 334a and is renoved t,g expose regions 344 of

substrate 331, shown in Fig. 2‘ This is achieved, in

par &, clterel $torva ﬂmmdeaeﬂrmknﬁ#ﬁ:mhabmpwédraﬁob;tggdrhe

silicon presen in emai ni ng portions of etch

sel &7V §° Iéﬁbusﬁi m%%%?exposed to a plasnma etch

usi 0@05/11 ZB@ﬂéﬁﬁfﬁd&@Gﬁ'ﬁlgHSZOﬂMéﬂdms aft®ra ecbesiiséryt

that |s m na osed of, _ax ge gase as
di sCUSsE e‘1r‘3484\/e I%gﬁégfn?? T glatsoyiFl ggh AGhFD 4 type
af téts@xsps:mﬂr&o@fe, negempsow toa relooei negbasedhf multi-

pla ma_ et uch as I.SC ssed bove, is
f%@&ﬁf#k?%ﬁﬁﬁ%? ég?o &Flﬁﬁﬁ agerﬁﬂ structure
ﬁ38supémmmpddiﬂﬂq@.w28h hﬁmdenamemmﬁmosntlaa skpdse regions
ar ed sk 342 to ose re
e A R0 R G i Fe o i E o Bt bdo potween
r egj:@gtsor?s443f m@lnﬁagdeaeﬂedmﬁé@ kﬁébazr eauhlsz i n tﬁread
orpati on of islands 33 e. under st oo
Bt o 18R D1 § G RAR R il
abor«@ﬂemy b afto AR do ENthdli S SPRRAE Eea dPEH Tt UPRIA above

the pattern on nold 327, shown in Fig. 22. Further,
al tHOUdIE SQISer &feth3d rn%n%me%nsmgu?%rﬁrae pattern

honpgenaus 3278t 8hbdh, i€ Big. 2.i CeRrtABY, NAHES L
| ayers (not shown) of material may be i ncl uded on

sub¥tRsit@ 3 P3dnd i shafues PRI ngayThE fORHBRESHGne or

norgafrithe af.gr.ementioned ad2¥erSeandf o1 o patbst (rRft€ shown)
331. Further, the | ayers may consi st of a mat eri a
sui @J‘aﬁmaeter%als@ﬁﬁcéﬁda%%%dedppélcés@ﬁﬁaatf o@%]e]and islands

Ref e84 09, 4R BOLRK 98- ode AV direBreXBOPAAS Yement ioned
radi ati on source 22 nay produce ultraviolet radiation.

O hkayenadiand/on sobpteatesdslbe &nplbyed, thackhyers may
therdmlsse eghropaepeiit andaihe kbkesedGomfl&d on

of radi ation
processing.

[0056] Referring to both Figs. 1 and 2, an exemplary
radiation source 22 may produce ultraviolet radiation.
Other radiation sources may be employed, such as thermal,
electromagnetic and the like. The selection of radiation
employed to initiate the polymerization of fhe material
in patterned imprinting layer 34 is known to one skilled
in the art and typically depends on the specific
application which is desired. Radiation source 22 is
located so that patterned mold 27 is positioned between
radiation source 22 and substrate 31. As a result,
substrate 31 and/or patterned mold 27 may be fabricated
from materials that allow the same to be substantially

transparent to the radiation produced by radiation source



enployed to initiate the polynerization of the

material in patterned inprinting layer 34 is known to
woe@4siishisd ed in the art and typically dependsPonusive4/012313

specific application which isesired. Radiation

source 22 is located so that patterned nold 27 is

poskEi onégeryetasee matieadpas i onclsole,cdu22 aandnstibsimitesl to,

31. ult, tr ; and/ or_.patterned_ nol.

27 ﬁQ?/eﬁegﬁa érall’cﬁu%g}% §1’ r%%fhg er i%a %N %ap Eg %Wthseldloxane

saneol pméges s Ubstamitliizklty gtasns pdnentochabbhepo hginerts ,on

gg‘?ﬁ%@%go%/fb%g%i tﬂn%%isﬁggr%ﬁetnpﬁ é%)%%/ﬁg?g?ilgl s incl ude,

but [@P&7hotTtl mayt ke desirddusedmsnhfgzaturpiardmponents of

silLc [ c polyner | l.oxane ol rs
bor 8%???%%%%ﬁ°%§at ﬁ%?%c@?abtor?rﬁoltyﬁérr%ﬁyn%?%?l,e’aﬁed g-s
conbavata orisemdall kexpabeven ¢QOSZlcilkehtnay besdesharethdomt

manuf act u cO ent.s _of system. 10 fromnmaterjals

Thatb Jbtl de P QUe M Belhe 2V SISl QoEROTMIBLEMBS (e q.
expabsdenraoefddrtiiemtdef . | ehs ddven cabodtimedfs, the

ppm degree Centigrade at about .room_t erature (e.qg.
DDHREPEED S ieaErRLoR e 2R e e Rral “Fattihn
mat esé &t i @ferconst reeki ehamvybdiay d tapbheétsglke € Xpansigade,
coeffifi ent, .of | ess t/pan about 10

ppm degr ee
ContF gl S, A0t 1 B¥B/PRARC (HHdBEPEe CRRt FRF e To
t habredgke sUpddlgse suppprisgd 2.4 ,blaindgerlstagedé @spsitages
support 16 may be fabricated fromone or nore of, the

f ol POV iy TaRiEATECs FEPTR ¥oh YarhigeOfi FBR 5Pt byaing

avaink et 82 1UNAAN 1 doRe ch kB Nanl BVABE) av8ilable under
trade-name SUPER | NVARTM ceram cs including, byt not

| i nFRRdEtasle ZEREDIRVAR ¢ rarirade ~nat t SR INVARADI e

24 pBYae-Londiieehed betisa atigithe tbeNBEROIER® ceramic.
conponents of system 10 from.vibrations in the

sur P T v FaRTBNET TRV SfereParyuchBfete4igalate the

avaj bl g WeakL EPrpytald an ehoh! ¥iBLations in the
California.” [0058] Referring to Figs. 1, 2 and 3, the

chaf @t @mEndc $NVafronaeet i alAexcapearipbrbmt2e ds
ef f i ¢d entd e RatheNBwport Corporation of Irvine, California.

[0058] Referring to Figs. 1, 2 and 3, the characteristics
of material 36a are important to efficiently pattern
substrate 31 in light of the unique deposition process
employed. As mentioned above, material 36a is deposited
on substrate 31 as a plurality of discrete and spaced-
apart beads 36. The combined volume of beads 36 is such
that the material 36a is distributed appropriately over
an area of surface 32 where patterned imprinting layer 34
is to be formed. As a result, patterned imprinting layer
34 is spread and patterned concurrently with the pattern
being subsequently set by exposure to radiation, such as

ultraviolet radiation. As a result of the deposition



substrate 31 in Iight of the unique deposition process
enpl oyed. As nentioned above, material 36a is

waleasdtsesl on substrate 31 as a plurality of POCBHUSBD€012313
and spaced- apart beads 36. Thg conbined vol une of
beads 36 is such that the material 36a is distributed
approperést elly igvelesigrdarear ofiatsurifsdc8632hwher eertain

pat tin i.s_t.a he .fornmed, As
res%ﬁ%?ggt erﬁ% |wprln??h§§?%§%¥”%§2nﬁsgg%?es Sy of
pat heteeth k dfzurime elagswB 6 hotdie patfeeen32bebnghat all

sub aue, tl t by _ex adla Lon, .
o AR5 R R 52 edL B0 4R B s
WO Zﬂﬂdk@@%ﬁﬁstBCHtéEﬁMMBHdﬂtI&13y Qﬂlpmnness it is

deS| hat naterl e_cer
cha# ? i 2 FRETHy ?%%ﬁ?ﬁ?até raglégaﬁamgﬁgﬁn§bF58dlng
of cnmp@srahxﬁﬁmasnrheadsaB@v@vnrn&mekaee 32asotd hat

aII th CkQ§Ss%§ t.1 ape ﬁubst ntiall uni ornteg aI
resfd CRRELLES 15 %ﬁ%ft’dbftg "SF1 y2 YAt £
[005@¢l&aédudﬁ o bist reitgs43 8. arkkizder eﬁpbﬁyhag filections,

conpositio scri bed .above in

Rk R PP Rd F e ERERFICE v

i ncpatheskord mﬂ@ﬂtmatteg%ayeﬂzlamr ttheyeby456d1ﬁ¢1neg It01S need
inter alia, proyi de a st q{d interface_wt

ot Ebr Qutimih RethoPRatsss 28y i BrGRy F L GErh R
neegubdOrLAestaBT 28 €aghel OCRS idda tibe, nﬁiﬁheﬂliy’e}:leSG
whi ch substrate 431 is forned. In additio

| ayB7Y 42% T9RFhe *PBr ﬁBdO’F??ﬂﬁcaﬁ‘a&eﬁéﬁﬂcWhBlt e’%ﬂ%ls%}(ﬁet fptch

t hecsar@cd it icharachettstids @prhatt agnegdyéprant i ng
| ayer 434. Priner. |layer 456 is fabrlcated in such a

manREFTSD Byato 498045eS8PE AR Attods ChsAuBipReT SO as to

rel pbsyedy defpetinlibas, stsdace dehativByyexbiddid-free
excel | ent adhesion to patterned imprinting |ayer 434.

[ 008 £agRii thadngryy exhabbhstiee ldsat paheeifedto patterned

| LA G nd avekr4344does not adhere to patterned
mol d 27, surfacé 27a may be treated with a | ow

surf%%@@lenéﬁéyttﬁﬂﬂ%%tg Amgensure that patterned imprinting
layer 434 does not adhere to patterned mold 27, surface

27a may be treated with a low surface energy coating 458.
As a result, patterned imprinting layer 434 is located
between primer layer 456 and coating 458 upon contact of
patterned mold 27 with substrate 431. Coating 458 may be
applied using any known process. For example, processing
techniques may include chemical vapor deposition method,
physical vapor deposition, atomic layer deposition or
various other techniques, brazing and the like. 1In a
similar fashion a low surface energy coating may be
applied to mold 127, shown in Fig. 6. Alternatively,
release properties of either patterned imprinting layer

34 or etch selectivity layer 40 may be improved by



As a result, patterned inprinting |ayer 434 is |ocated
bet ween prinmer |ayer 456 and coating 458 upon cont act
w@boo4pertsier ned nold 27 with substrate 431. CoaprdTyS268012313
may be applied using any kno process. For exanple,
processing techniques may include chem cal vapor
deppstliudihgreirhatie mphysighlfnapenhideposet sams &t om c

| ayer. deposition or rious other te hnlques br azi
and R AR o roRPouta S o AT o SURTRpe Lo Tedred
enet@ya$oatsjurgfam¢nbe Bhﬁ@lctc&rdadmdrmﬂsdc&ﬁgedslfmmgmte to

Fi t i | | 4 f
ot o WEHF IS HEVRG. FAyET™ i (6 BT aRoaet ettt ee 27

Iayemd/ﬁkrmﬂw b%hbWﬂf@M831§BL\ﬂDa&@04/0985ﬂ8ct1vely, using
PCT U82004/ 2313 21 _incl t n the_nateri from
PR Sl 8s AP Ee B s thB B BERGC T S G

Surﬁﬁﬁﬁacﬁ{l@r@)&gy‘r ekebtedted &Meausur that ahs . 1&@: than a
d is caused_to mgrate t.o surface of er
ChePRRRLe raa v erF acht o Trarigands Mahar b Ly TR
showayé i, Flpgs exedpdldy bnat&SRACtENdebYoctss NGy WM to
technlques pi cal | the surfactant has a surface

ene @9m5§§bﬁ @@eFﬁg?Eﬁ$t§PQQﬂﬁ?a & FEWRTSEYSERPG Py Bender

SuréaC@ engf %ULQ‘fI pmempﬂwmierrmz qlml eVABASED athAN@EMﬂlﬁNT
| ayer. exenpl ar%gnater al process, by whic

forH?fF%GPa”fP&Yené*ﬁiL ﬁBdM%’-EﬁffId’tlt &ﬁtSUrE§ d‘?%%ﬁ%@e%cwnlc

Bengesindiridlg pon WLdd Plind WPRI WNRENGok Ns Ve BASER e rgy of
NANO RI NT LlTHOGRAPHY RELATED NMATERI AL | SSUES,

M ckerl setfasiicat BREVHERT i thE KeSi6ed60et S0TD)ProRRE tisR Lo

surfage-enel@-ote bheesuidactatinRhiayi U8set f@ dasiched
rel ease properties to reduce adherence of either

i npPelrsrigitaydryss 6F &2 drpldselldcendi oy 1ajershryn én
mol fs, 27 And{0r%, 1%@5p§£¥¥@b1§1 E%g§hoal§nQ66understood

respectlvely I'f should be understood that the
sur tlazk arte ey feetasednan konjsescinoroni erctipm wigh, or

i eyng%t L}%géllti ol 2E6 £ BOeL Wh&ORT IRI$ 1438 4 580WhdWh in

Fig The e odlnents of the”present
i NVBihg i 0db .descri bed

[0061] The embodiments of the present invention described
above are exemplary. Many changes and modifications may
be made to the disclosure recited above, while remaining
within the scope of the invention. The scope of the
invention should, therefore, be determined not with
reference to the above description, but instead should be
determined with reference to the appended claims along

with theilr full scope of equivalents.



above are exenplary. Many changes and nodifications
may be made to the disclosure recited above, while

wo eovaiopismgy Wi thin the scope of the invention. Pahes2004/012313
scope of the invention shoul therefore, be
determ ned not with reference to the above
des@HADPtLIDICLAIMED st ead should be determned with
reference to the appended clainms along wth their
full scope ofl-equPvakbehed. Oﬁmﬁqymlmgog7slepped-structure on
PCTL USZ004/ 012313 ;1 4200« YEIRT; 1@ D1S: 1. A method
of formng a stépped- structu "substrate, said
met hod conpr iformgng f o Ivg,d @rmbgércatsub@tmaktei,-ta;ered
mul Lz d el nShndclulgfayvidg a shape; and
transterring an inverse of sald shape into said
substr at e 2tranefeethogl aas inweirsedof nseldishabenierei naid
transf .¥Q further includes transferring said
|nverse of said shape into said substrate to forma
via portion and a trench portion, w th di mensions of
said via por&i-on Theihgthked &s irskégedsin ¢lmiat ilowhefrein
di ensi ONS: O ehikt by %Mst 1900k SRty caid inverse
multi-tiered structure and dinmensions of Said trench
poref oreiskishgresiabPi shkd %@osézlfa&ﬁctpoﬁom a di ire PSIrGASN
Of SderandoubpBRElbon of 5ol bhstLEr &g via portion
structure. as recited in cfaiml erein
t r apesirer raat@bﬂuﬁhhér a$ e | Dt icov efi Agnemd tdnarrfeclfirst
sel | ayer ol t r ith_ .
o S R a8 B TR ool SPAALEAEL iy Mirkigsons
mul ¢f satJJCbrte@nshr petuien dmnmrg rgtabiibbhéd | @y er gdinction of
Stryctire and o snovlng, Rardens of sgi d mildirdiavered,
structure 16 éxpose T egi ons Fof -sard substT 4
supsrrurposiet.i on wwth a first sub-portion of said
multi-tiered structure while formng a hard mask in

areas of Sa'g.etC?h§e$§%ﬁd&”5%yrecited in claim 1 wherein

transferring further includes covering, with an etch

selectivity layer, said multi-tiered structure, with said
substrate, said etch selectivity layer and said multi-
tiered structure defining a multi-layered structure and
removing portions of said multi-layered structure to
expose regions of said substrate in superimposition with
a first sub-portion of said multi-tiered structure while
forming a hard mask in areas of said etch selectivity
layer in superimposition with a second sup-portion of

said multi-tiered structure.

4. The method as recited in claim 1 wherein
transferring further includes covering, with an etch
selectivity layer, said multi-tiered structure, and said

etch selectivity layer, said substrate, said multi-tiered



| ayer in superinposition with a second sup-portion of
said multi-tiered structure. 4. The nethod as recited

WO pooglogisms 1 wherein transferring further incledess2004/012313
covering, with an etch selectjvity layer, said
multi-tiered structure, and sald etch selectivity
| ayetrusaitk sigfSitriagep saldifdtdrad etedcWdre and
2004/ 097518 PCT/.Us2004/ 012313 tr u | ni
B A N L
mul that ayegeshtsitalugt werotve £icdt processesd baathes of
sequentially.remve first.and second batches .
B Fat 091 o S e e L RS Wt epig
firstrbaticdtaf amteteal atoesesporoidigat boaaf fistt sulp-
portion.of said.nulti-tiered structure, first. porti.ons
of PEATB(Th BdtelUITI b P agr T Qlg8r | GhBST (g tone of
t heseiMl t dit clarnck Jpaittivang daysaiich rudpeiritnpesedich riitnewd th
and_sai '

d substrate _super osed b first .
sub2PorYP o Bt° 4 Ealﬁ‘umﬂi- T%lreerc?dgts%lf@FuP]éea%%d ¢
secenfsbadith afperdhg@bsall byg ot respandiubgpbotsahdof said
shoul ders, ., secon ortions of sajd etch selectivit .
B LSS SR bon Tho Tt PoSRa0 BAT o Gk ghtperial
por tbenssdn&aid taulskiidt sRs€THSAS UGletordapdrt Sehsl of said
substrate superinposed by, said shoulders. 5, The .
et bGP a3e TR (6 Y rhodPRl W 1 WG S EGPR HRe TS HheAnd
I nckydess&enasigdrd oaspekys®rd zahlta -flivirdd sorpoOsidd @md
on said substrate and contactiQE sai d congosition
mﬁtﬁaédn%WQPWﬁﬁF%uf%QeFéWP%?e%ﬂ? Sdfe ShPHE Bt7ng a
shape conpl enentary to said shape of said
mul ti-tieredsstrudher feandd exposidigesiaid edaposi twiarein
to _actinic_radiation._t ol yneri ze said conposition. .
6. FREVH HotF ST dOPLBESE Tt SR it Infle PRI KICT i 1Ty TLotd

furtB@pos el drles fseral Bgbsar&kdnidd doneredingt satd ure
froman organic polynerizable material _substantially
freéO%PO%%¢%Q&nW%§ﬁdacBQé?i?ﬁﬁ%QﬂtQNQEllﬁﬁcFEH%%t?¥ﬁrﬁ ng

sai gdnet eS¢l £ HHaet YohpYehed#HP &0 said shape of said
multi-tiered structure and exposing said composition to

actinic radiation to polymerize said composition.

6. The method as recited in claim 1 wherein
forming further includes forming said multi-tiered
structure from an organic polymerizable material
substantially free of silicon and covering further
includes forming sald etch selectivity layer from a

silicon-containing material.

7. The method as recited in claim 1 wherein
forming further includes forming said multi-tiered
structure from a material having a polymerizable compound
and a surfactant having a surface energy that is less

than a surface energy of said polymerizable compound.



silicon-containing material. 7. The nethod as recited

inclaiml wherein formng further includes formng
wa@anod/opgshg i -tiered structure froma nmaterial PEWURPOA012313

pol ynmeri zabl e conpound and a gurfactant having a

surface energy that is less than a surface energy of

sai d pol yneri8zabl &heomptned. aNF2GF400975¢8aim 1 wherein

EFZ%%?%Q%%%Q%&%&%r %%c§ud3$$$t Jhggs% drggb%egeightlv1ty

rern covering I NC
sai dapéchfsel ectriareryal| hyeind raomoaymah:ezaele hcammmglrai and

pol riza d_a syr.f a avin
sur%{g%%réarééra%t %h (Mgs Igg%fr% %ﬁl ea%g’sgbfl lz‘glceé e%’e"?egr thfan @
sai du:pmcymmnezm efceapdupdl yr@: rikeé leethodoasdr eci t ed

in claiml wherein covering further includes form ng

sai d etch selgect'weymekﬁw {Jyre%ﬁeeSFHQH%)I{}&Sfi&erein

multi-tiered structure, ynmerizable
conposetinh faaﬂh@@nﬂaeﬂuﬁgs sfeﬂmnln@olsynrér erzabl ge¥dakiigity

l d..h t] h
R R A e e e
corrp@kmer@rxatbdecdﬁdllﬂl opspe ol tipel pmdr 'r:zeteati;hg said
ol fl . GO The

Pec % I'n c%le %%gmge?gﬁéégletg&gr %’(r%thf %r ﬁ? [ nc L?dé?s
di sp@lssstrﬁgnsmldyetsmhosm ectfagd yand ayleuebyllscpl seigbat i ng

| al sai t|-t|ered
oty ek IR T 00 RS R el B3 PaTt e 1

f ur pbeymerirgd weiikg pbdymne nizakdre sfamddsubmpoaimora.n etch
stop layer positioned between said substrate and said

mul ti-tiered Str%ﬁguﬁgth&g TQ%CQ%%QOQnaélggghﬁ%%e&%in
claiml furtl%er i ncl uding deposit ng in said via
por oo iavpd faitdheter enchudmrdmmsmgcenddlcet@ke selectivity

matiag aﬁl 3 .Th d_ as, reC|ted n.
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said 3Fru tslpelrne i tursel imcludes “a* s C{)pe n
said multl tiered structure.

11. The method as recited in claim 1 further
including forming, on said substrate, an etch stop layer
positioned between said substrate and said multi-tiered

structure.

12. The method as recited in claim 1 further
including depositing in said via portion and said trench

portion, a conductive material.

13. The method as recited in claim 1 wherein

said multi-tiered structure includes a stepped recess.

14. The method as recited in claim 13 further
including forming said substrate from a wafer and a film

layer and wherein transferring further includes



14. The method as recited in claim13 further
including formng said substrate froma wafer and a

wo 2doaooisas/er and wherein transferring further PODUSDIEE012313
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i nverse of said shape into said film layer. 15. The
met hoan %= rEgia ed iidn icvak s 18 faaitchehapenthtdi segid £ilm
forﬂgggr§aid substrate fromsaid wafer and said film
| ayer” and wherein transferring further includes
transferring said inverse of said shape into said
wafer. 16. tRe mBhRonehBod e tie¢iitrdcliai ed-aimhket giurther

sai gnsUkdind if%:'r?rg_n%t LYGLUE 8od thclddes oA DLiheyeter and said

protrusionincluding a projection and shoul ders,
sai 81 Pt ojasay egachapengiantepwdssringcdughbesaintludes

shopl ders. - being spaggdz apards f40m SaLH- apex, S fACR ror .
and sald substrate. 17. The nefhod as recited in
claim 16 further includin forning sai d substrate

&

from sai d wafér afBesBpihodidmyegyépdahd Ghefeih wherein
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i nverse of said shape into said fi ayer. 18. The

met PBR B ki iined upang| ai prapdtdorhard shepidpry with

for gi ng Said subst hawn%r&m S0 Wekgke 2y Sl B fduTiers
|l ayer and wherein transferring further includes

t r dpRIRY rinRgeslairgartvéree YFisgirgxshupéaratandaald
mafE%Fstfg%e.A met hod of form ng a stepped-structure on

a substrate, said nethod conprising: formng, on said
substrate, a nulti-tiered structure; covering, with

an etch sel eétivi Fyel BFEROd i FecHiiPti 1pi eFxln 16 further
Striﬁ%iﬂ&ind”fbgm§ﬁ?dS§£@S§J6§ﬁ%at%afgoﬁt§§idsﬁgfgg'dﬂdtﬁaid
| ayer and said nmulfi-tiered structure defining a
nu|filmldygﬁgdagﬁrybgggép transferring further includes

transferring said inverse of said shape into said film

layer.

18. The method as recited in claim 16 further
including forming said substrate from said wafer and said
film layer and wherein transferring further includes

transferring said inverse of said shape into said wafer.

19. A method of forming a stepped-structure on
a substrate, said method comprising:

forming, on said substrate, a multi-tiered
structure;

covering, with an etch selectivity layer, said
multi-tiered structure, with said substrate, said etch
selectivity layer and said multi-tiered structure

defining a multi-layered structure;
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of said substrate to be etched as a function of
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of said etch selectivity |ayerys 20. The nethod as

recited in claim19 wherein formng further includes

form ng sai ddefiiningi eeedonsstafuseirdeswhshratprigj éct etghed
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19 wherein. form er includes formn
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fu:}lﬂrer i ncludes formng said etch selectivity |ayer
3M%i95%on- cont ai ning material. 23. The method as

recited in claim2l1 wherein covering further incl udes

form ng said etch selectlwty | ayer S|]egg
said mul ti-tPéredTEBErUetrd asséle&ltﬁgl %‘Fre‘?lr%a{'b fwihﬁlr&ln
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composition on said substrate and contacting said
composition with a mold having a relief structure
including a shape complementary to a shape of said multi-
tiered structure and exposing said composition to actinic

radiation to polymerize said composition.

22. The method as recited in claim 19 wherein
forming further includes forming said multi-tiered
structure from an organic polymerizable material
substantially free of silicon and covering further
includes forming said etch selectivity layer from a

silicon-containing material.

23. The method as recited in claim 21 wherein
covering further includes forming said etch selectivity
layer by disposing, on said multi-tiered structure, said

polymerizable fluid composition and contacting said



pol ymeri zable fluid conposition wwth a nold having a

substantially snmooth surface and subjecting said
w@oedogoersigabl e fluid conmposition to conditi onsPEDUS2004/012313

pol yneri ze said polynerizabl ekl uid conposition. 24,

The method as recited in claim21 wherein covering

f urpds@némrzla}ui@s fdhsposbnu[go@aiidmewdhhsel Ie@ld vhawing a

coating. said-s n eri al
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havi ng a surface energy that is less than a surface
energy of saied . poltpeene tladd e comgdtingd. 1r6claire Tetwhegein

as Lecll r?lf’l];rglh@rnhgalwﬁé J]rg&%%srgag?fgﬁwegelecumy

i ncTude rmng sai tivity ayer froma
mat an@uf hawmig-aopoliyges & dbid iconpoantaaning gnaterial on

surfac an&lthla\@l%geg gg{:{lgg@rﬁener gy that is | ower than
2Urt ate ene rgy of sard yneri zabl e conpound. 27.

The met hod as rec:lted in cI aim 19 wherein _said .
mul ti-tiered2$trufhereethed ifesregisedpprdctebessl wherein
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fur ormng sald substrate froma wafer
andstrddtume |fyper aamdtera@kffér\ﬂn@lg aaRoil vper seaklfe gigmpound
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transferring further includes transferring said
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a surfactant having a surface energy that is lower than a

surface energy of said polymerizable compound.

27. The method as recited in claim 19 wherein
said multi-tiered structure includes a stepped recess

having a shape.

28. The method as recited in claim 27 further
including forming said substrate from a wafer and a film
layer and transferring an inverse of said shape into said

film layer.

29. The method as recited in claim 27 further
including forming said substrate from said wafer and said
film layer and wherein transferring further includes

transferring said inverse of said shape into said wafer.



said projection having an apex surface and said

shoul ders bei ng spaced-apart from said apex surface
w@are4m9i588 substrate, said bi-level protrusi onPdEUSINNQI2313

a shape. 31. The nethod as recgigted in claim30 further

including formng said substrate from said wafer and

said filml&Per 3hd mﬁ@ﬂ@ﬁrﬁ&lﬁﬁwsﬁedringCiaﬁmrﬁﬂ wherein

i ncl ud tra ferrni I- f_s ;ngpe into
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substrate having a bi-level protrusion including a

proj ection afd. shbel detlsed s Geﬁﬂ@FéCIFOlehwiiﬁ)ﬁﬂrther
apex, syl d Age 2:hlln S8l o Shasl ks BeLAGs SPACREEAPAL saia
fromsald apex surrace strate covering
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layer; rempvispg sahd gpeX.sWd aee;and Hﬁt@uﬁh of SRider
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sel ecanwvidnringyeridi hnsepes iofpesiit ehapet hnsaishid wafer.
remai ni ng portions of said

33. A method of forming a stepped structure on
a substrate, said method comprising:

forming a patterned layer on said substrate
having a bi-level protrusion including a projection and
shoulders, said projection having an apex surface with
said shoulders being spaced-apart from said apex surface
and said substrate;

covering séid projection with an etch
selectivity layer;

creating a crown surface by removing a portion
of said etch selectivity layer to expose said apex
surface, with remaining portions of said bi-level
protrusion remaining covered by said etch selectivity
layer;

removing said apex surface and material of said

patterned layer in superimposition with said apex surface



bi -1 evel protrusion to expose said shoul ders; and
renmovi ng sai d shoul ders and said patterned |ayer in

WG pe/0pTFposi ti on therewith. 34. The net hod as PEDUSEA4/012313
in claim33 wherein formng fyrther includes
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frohagesidn cs@nmdmpasmthgn et eviigh. 36. The net hod as
recited in claim35 wherein renoving said apex

surface furthgr iggl “HS’E’h&&‘balse%_le'dlg;sedsi‘hdfféﬂx‘”b3 wherein

surface to an éetch chems try that reactive
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whefeom an organlc polymerizable material substantially free
of silicon and covering further includes forming said
etch selectivity layer from a silicon-containing

material.

36. The method as recited in claim 35 wherein
removing said apex surface further includes subjecting
said crown surface to an etch chemistry that is highly
reactive with material from which said bi-level
protrusion is formed and forms a hard mask in the region
of said crown surface that comprises material from which

said etch selectivity layer is formed.

37. The method as recited in claim 35 wherein
covering further includes forming said etch selectivity
layer by disposing, on said patterned layer, a

polymerizable fluid composition and contacting said



covering further includes disposing said etch
selectivity layer by spin-coating a
wa@RlokogrsiEont ai ning material on said patternepCT/agmo4/012313
39. The nethod as recited in ghai m35 wherein formng
further includes formng said patterned |layer froma
mat golaletizaiolg 41lpodyeenpesildlionc vipbuadnaldl aving a
sur ant n r r j ess {han a
R T
netpmﬁbm&rﬂzahlbedlumdctempniﬁiimmeteinon@tmiwmsm;o
further includes.for e | ayer
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surfactant having a surface energy that is | ower than
a surface eR8rgyTbt Batkpoiyrkecizabl &n cohpburih wherein

covering further includes disposing said etch selectivity
layer by spin-coating a silicon-containing material on

salid patterned layer.

39. The method as recited in claim 35 wherein
forming further includes forming said patterned layer
from a material having a polymerizable compound and a
surfactant having a surface energy that is less than a

surface energy of said polymerizable compound.

40. The method as recited in claim 35 wherein
covering further includes forming said etch selectivity
layer from a material having a polymerizable compound and
a surfactant having a surface energy that is lower than a

surface energy of said polymerizable compound.



